For compounds with n acid-base equilibria (n = 1 or 2), pH profiles of absorbance (Abs) or fluorescence intensity (FI) were fitted to the following formula to determine pK a values.
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(Supplementary Equation 1) (pK a1 < pK a2 < ••• < pK an ; c n = constant). In vivo toxicity test. Ten female BALB/c mice (8 weeks old) were assigned to two groups of five mice. One group received intraperitoneal injection of 7 mg/kg HMRef-Gal in PBS (pH 7.4), which is a ten times higher dose than that used for imaging applications, while the other group received vehicle alone. Body weight of each mouse was monitored for two weeks.
Vital imaging for -galactosidase inhibition study. SHIN3 mouse models were anesthetized by intraperitoneal injection of a ketamine-xylazine solution (dose: 80 and 8 mg/kg, respectively). At 10 min post-injection, mice underwent a midline laparotomy and the intestines were carefully pulled out onto a black rubber mat (3 mm thickness) on a plate heater (37 o C). Using a rubber divider (3 mm × 3 mm × 40 mm), two wells were formed on the mesentery with the aid of forceps (see Supplementary Fig. 6 ). To one well was added 100 M HMRef-Gal in PBS (pH 7.4), whereas to the other were added 100 M HMRef-Gal and 10 mM -GA. Mice were further anesthetized with isoflurane gas if necessary. Fluorescence spectral images were taken with the Maestro In-Vivo imaging system. The blue-green filter setting (excitation, 470-510 nm; emission, 530 nm long-pass) was used. The tunable filter was automatically stepped in 10-nm increments from 500 to 720 nm, while the camera sequentially captured images at each wavelength interval. Average fluorescence signals at 560 nm on the tumor nodules were evaluated. with 85% phosphoric acid, and the organic layer was isolated. The ethyl acetate extracts were washed with 50 mL of brine, dried over anhydrous sodium sulfate, filtered, and concentrated. The crude compound was purified by column chromatography over silica gel using dichloromethane/methanol (95/5) as the eluent, affording 1 (570 mg, 86%) as an orange powder. 4, 57.7, 91.5, 94.3, 103.1, 105.8, 114.1, 115.5, 117.9, 128.8, 129.7, 130 .0 (including two distinct peaks), 130.1, 130.5, 131.3, 133.0, 134.5, 149.7, 153.8, 158.8, 161.4, 164.7, 185.7 
9-(2-(Hydroxymethyl)phenyl)-6-(methoxymethoxy)-3H-xanthen-3-one (2)
1 (390 mg, 0.928 mmol) was dissolved in 50 mL of THF. To the resulting solution was added LAH 72.5, 82.9, 94.3, 103.3, 109.8, 113.2, 116.2, 117.6, 120.8, 123.7, 125.2, 128.5, 128.6, 129.7, 130.8, 138.7, 144.2, 149.1, 150.7, 151 
N-(Diphenylmethylene)-3'-(methoxymethoxy)-3H-spiro[isobenzofuran-1,9'-xanthen]-6'-amine (4)
ºC for 23 h. At that time the reaction mixture was allowed to cool to room temperature, diluted with CH 2 Cl 2 and filtered through a pad of Celite. The filter cake was washed with CH 2 Cl 2 . The filtrate was concentrated and the residue was purified by column chromatography over silica gel using AcOEt/n-hexane (1/3) as the eluent to give 4 (289 mg, 91%) as a yellowish oil. 
3'-(Methoxymethoxy)-3H-spiro[isobenzofuran-1,9'-xanthen]-6'-amine (5)
4 (176 mg, 0.335 mmol) was dissolved in 10 mL of CH 2 Cl 2 . To the solution was added 10 mL of H 2 O containing 10% (v/v) TFA under stirring. The resulting biphasic mixture was stirred at ambient temperature for 19 h. The reaction solution was basified with 1 M NaOH, and extracted with CH 2 Cl 2 .
The combined CH 2 Cl 2 extract was dried over anhydrous sodium sulfate, filtered, and concentrated.
The residue was purified by column chromatography over silica gel using AcOEt/n-hexane (1/1) as the eluent to give 5 (103 mg, 85%) as a white solid. 
3,3,3-Trifluoro-N-(3'-(methoxymethoxy)-3H-spiro[isobenzofuran-1,9'-xanthen]-6'-yl)-
propanamide (6) 5 (23.5 mg, 0.0650 mmol) and HATU (74.2 mg, 0.195 mmol) were dissolved in 10 mL of DMF.
DIEA (68.1 L, 0.390 mmol) and 3,3,3-trifluoropropionic acid (17.0 L, 0.195 mmol) were added, and the resulting mixture was stirred at ambient temperature for 24 h, and then concentrated. The residue was purified by column chromatography over silica gel using AcOEt/n-hexane (1/1) as the eluent to give 6 (13.4 mg, 44%) as an off-white solid. 56.1, 72.0, 83.7, 94.4, 103.4, 107.8, 112.7, 115.8, 117.5, 120.6, 120.7, 123.9, 128.4, 128.6, 129.4, 129.8, 137.9, 138.8, 144.1, 150.6, 151.3, 158.1, 161.0 
3'-(Methoxymethoxy)-N-(3,3,3-trifluoropropyl)-3H-spiro[isobenzofuran-1,9'-xanthen]-
6'-amine (7) 6 (13.8 mg, 0.0293 mmol) was dissolved in 10 mL of THF. BH 3 •THF (ca. 1 M in THF, 1 mL) was added under an Ar atmosphere, and the reaction solution was stirred at ambient temperature for 22 h.
Methanol was added to quench the reaction, and the reaction solution was concentrated. 37.0, 56.0, 71.8, 83.7, 94.4, 98.5, 103.4, 110.0, 112.3, 114.4, 118.5, 120.6, 124.0, 128.0, 128.3, 129.8, 130.0, 139.4, 144.9, 147.9, 151.5, 151.9, 157.7 
9-(2-(Hydroxymethyl)phenyl)-6-((3,3,3-trifluoropropyl)amino)-3H-xanthen-3-one (HMRpf)
7 (4.8 mg, 0.0104 mmol) was dissolved in 5 mL of CH 2 Cl 2 . TFA (2 mL) was added dropwise, and the reaction mixture was stirred at ambient temperature for 13 h. After addition of CH 2 Cl 2 , the reaction mixture was washed with 1 M NaOH. The organic layer was isolated, dried over anhydrous sodium sulfate, filtered, and concentrated. The residue was purified by column chromatography over NH silica gel using dichloromethane/methanol (9/1) as the eluent to give HMRpf (4.3 mg, 99%) as a red solid. 3, 37.8, 71.7, 87.0, 99.1, 105.4, 110.2, 111.1, 117.3, 121.6, 125.1, 128.8, 129.1, 130.0, 130.9, 140.6, 146.4, 150.3, 153.6, 153.8, 165.3, 174.9 . HRMS (ESI + ) Calcd. for
[M+H] + , 414.13170; found, 414.13108 ( -0.62 mmu).
2,2,2-Trifluoro-N-(3'-(methoxymethoxy)-3H-spiro[isobenzofuran-1,9'-xanthen]-6'-yl)acetamide (8)
1.00 mmol) were dissolved in 10 mL of toluene under an Ar atmosphere. The resulting mixture was stirred under an Ar atmosphere, first at ambient temperature for 30 min and then at 100 ºC for 26 h.
At that time the reaction mixture was allowed to cool to room temperature, diluted with CH 2 Cl 2 and filtered through a pad of Celite. The filter cake was washed with CH 2 Cl 2 . The filtrate was concentrated and the residue was purified by column chromatography over silica gel using 1, 72.3, 83.3, 94.4, 103.3, 108.6, 112.9, 115.7, 117.7, 120.5, 120.8, 122.6, 123.8, 128.4, 128.5, 129.4, 129.8, 129.9, 135.7, 138.8, 144.5, 150.8, 151.0, 158.0 1, 71.8, 77.2, 83.6, 94.4, 99.2, 103.4, 109.9, 112.4, 115.4, 118.5, 120.6, 124.0, 128.0, 128.3, 129.8, 130.0, 139.4, 144.8, 147.2, 151.4, 151.8, 157.8 9-(2-(Hydroxymethyl)phenyl)-6-((2,2,2-trifluoroethyl)amino)-3H-xanthen-3-one (HMRef) 9 (11.4 mg, 0.0257 mmol) was dissolved in 3 mL of CH 2 Cl 2 , then TFA (2 mL) was added dropwise, and the reaction mixture was stirred at ambient temperature for 19 h. After addition of CH 2 Cl 2 , the reaction mixture was washed with 1 M NaOH. The organic layer was dried over anhydrous sodium sulfate, filtered, and concentrated. The residue was purified by column chromatography over NH 71.7, 86.9, 99.7, 105.3, 110.0, 111.1, 115.6, 117.3, 121.6, 125.1, 128.8, 129.1, 130.0, 130.9, 140.5, 146.4, 149.9, 153.6, 153.7, 170 3, 56.0, 72.1, 83.5, 94.4, 103.3, 107.3, 112.5, 115.2, 117.9, 120.1, 120.6, 123.9, 128.2, 128.4, 129.3, 129.8, 138.7, 138.9, 144.6, 150.7, 151.3, 157.8, 168 .5. HRMS (ESI + ) Calcd. for [M+Na] + , 426.13174; found, 426.12803 ( -3.72 mmu) .
N-Ethyl-3'-(methoxymethoxy)-3H-spiro[isobenzofuran-1,9'-xanthen]-6'-amine (11) 10 (37.0 mg, 0.0917 mmol) was dissolved in 5 mL of THF. BH 3 •THF (ca. 1 M in THF, 1 mL) was added under an Ar atmosphere, and the reaction solution was stirred at ambient temperature for 11 h.
Methanol was added to quench the reaction, and the reaction solution was concentrated. 7, 39.1, 56.3, 72.5, 85.7, 95.5, 98.7, 104.1, 111.1, 113.1, 119.6, 121.5, 121.8, 124.8, 129.1, 129.3, 130.6, 131.0, 140.3, 145.6, 146.1, 151.7, 153 bromide (206 mg, 0.500 mmol) in DMF (0.5 mL) was added dropwise, and the reaction mixture was stirred at ambient temperature in the dark for 12 h, then filtered through a Celite pad, and evaporated.
The residue was extracted with dichloromethane three times, and the combined organic layer was washed with brine, dried over Na 2 SO 4 , and evaporated. The residue was purified by column chromatography over silica gel using CH 2 Cl 2 /MeOH (9/1) as the eluent to give a 2,3,4,6-tetra-O-acetyl--D-galactopyranosylated derivative. This was dissolved in 10 mL of methanol, and 100 L of 28% NaOMe in MeOH was added. The mixture was stirred at ambient temperature for 5 h, and then the reaction was quenched by adding 1 mL of H 2 O. The reaction mixture was concentrated, and column chromatography over silica gel using CH 2 Cl 2 /MeOH (9/1) as the eluent afforded HMRet-Gal (4.1 mg, 38%) as a colorless oil. 39.1, 62.4, 70.2, 72.2, 72.5, 74.9, 77.1, 85.7, 98.7, 102.8, 104.9, 111.2, 113.3, 113.4, 113.5, 121.8, 124.8, 129.2, 129.4, 130.6, 131.0, 140.3, 146.2, 151.8, 152.9, 153.1, 159.7 This compound was synthesized using HMRef as described above. 62% yield. 4, 70.2, 72.2, 72.7, 74.8, 77.1, 85.5, 99.4, 102.8, 104.9, 110.8, 113.6, 113.7, 114.9, 120.1, 121.9, 124.8, 129.3, 129.4, 130.9, 131.0, 140.3, 146.1, 150.3, 152.7, 153.0, 159.7 
